~" The authors have studied the effect of a low-dose (0.28 gm/kg) bolus infusion of mannitol on brain water in man. In eight patients with severe head injury, small pieces of subcortical white matter were taken at craniotomy both before and after infusion of mannitol. The tissue specific gravity was measured using a graduated specific-gravity column, and from it the brain water content was calculated. White matter specific gravity rose from a mean (+_ standard error of the mean) of 1.0325 + 0.0012 before mannitol infusion to 1.0352 ___ 0.0011 after mannitol administration, and the brain water content fell from a mean of 80.94% _+ 2.5% to 75.28% + 2.3%. The differences were significant (p < 0.01). This study shows that, after head injury in man, mannitol increases the white matter specific gravity and probably does so by reducing brain water.
B
RAIN edema, the abnormal accumulation of water in brain tissue occurring after head injury in man, is thought to be a cause of raised intracranial pressure (ICP). Mannitol, an osmotic diuretic, is given to reduce ICP on the assumption that it dehydrates the brain; however, its mode of action is uncertain.
A recent study in cats suggested that mannitol may reduce ICP by reducing cerebrospinal fluid (CSF) volume? Another study in man postulated its mechanism to be the alteration of blood viscosity, eventually leading to a reduction in cerebral blood flow. 3 The most widely accepted mechanism, however, remains the reduction of brain edema by the creation of an osmotic gradient which then withdraws water from the brain. This mechanism has never been examined in head injury in man, and we have therefore studied the effect of low-dose mannitol infusion on the white matter water content of patients with traumatic intracerebral hematomas.
Clinical Material and Methods
We studied 13 patients, all of whom had a traumatic intracerebral hematoma and were in coma at the time of admission to our institute. None of the patients had been given mannitol within 6 hours of operation. At operation to remove the hematoma, a small (5 • 5 mm) piece of subcortical white matter was taken from the cerebrotomy. This tissue would normally have been removed by suction and discarded. In eight patients, an intravenous bolus of mannitol (0.28 gm/kg) was injected over 5 minutes, and after a further 15 minutes a second sample of brain was taken from the same area. In five control patients who received no mannitol, a second sample was taken from the same area 15 minutes after the first.
The tissue specific .gravity was measured using a graduated specific-gravity column that had previously been prepared and standardized. The samples were divided into three parts, each of which was placed independently into the column. The column was read at 2 minutes, and the mean result of the three specimens was used. From the specific gravity, the brain water was calculated using the formula correcting for the specific gravity of the serum, 1'2 as follows: gmH20 2292.12 2138.80, gmtissue SPGRt where SPGRt = specific gravity of the tissue.
Serum osmolality and serum specific gravity were measured in a separate but comparable group of seven patients, also admitted in coma following severe head injury. As with the brain tissue, blood samples were taken before and 20 minutes after the same 0.28-gm/ kg intravenous bolus of mannitol. The values before and after mannitol were compared by a paired t-test.
Results
In eight patients, brain specific gravity rose from a mean of 1.0325 _+ 0.0012 (_ standard error of the mean) before mannitol infusion to 1.0352 _+ 0.0011 after receiving mannitol (p < 0.01 ). The brain water fell from a mean of 80.94% _ 2.5% before administration of mannitol to 75% _ 2.3% after mannitol infusion (p < 0.01) ( Table 1 ). In the five control patients there was no significant change in white matter specific gravity. In three patients there was a decrease and in two an increase (Table 2 ). In the separate but comparable group of eight patients, serum osmolality rose from 286.7 _+ 2.8 to 289.7 _+ 3.7 (p < 0.05) after mannitol infusion, but there was no significant change in serum specific gravity (Table 3) .
Discussion
Although the effect of hypertonic solutions on normal brain has been known since 1919, 6 their mode of action in reducing raised ICP after head injury in man remains controversial. A recent study in cats has suggested that the principal action of mannitol is to reduce CSF volume and thus reduce ICPJ This may happen in a normal brain but this mechanism is unlikely to be important in the presence of a space-occupying hematoma where, in an attempt to compensate for the increase in intracranial volume, there has already been a shift of CSF out of the intracranial compartment.
Another study in man has shown that mannitol reduces blood viscosity and so increases cerebral blood flow. 3 If autoregulation is intact, then the increased oxygen delivery to the brain leads to a secondary vasoconstriction. This results in a reduction in cerebral blood volume, with enhancement of the osmotic ac- tion of mannitol. This vasoconstrictor response does not occur if autoregulation is impaired, and in this case mannitol would have no effect on ICP. It is unlikely that autoregulation was intact in the patients we studied. In addition to these two possible mechanisms, our study shows that mannitol also increases brain tissue specific gravity after head injury in man and probably does so by reducing brain water. One reason for the observed increase in tissue specific gravity could be a simultaneous rise in serum specific gravity due to the mannitol. We did not find this. Another possible mechanism for the rise in tissue specific gravity would be an increase in cerebral blood volume." Although the normal response after mannitol administration is a fall in cerebral blood volume, this would not happen if, as is likely in the areas from which we took the samples, autoregulation was disturbed. The percentage change (6.89% _+ 1.5%) that we observed, however, would require an increase in blood volume of over 300% . 4 We therefore believe that changes in cerebral blood volume cannot be the sole reason for the increase in specific gravity.
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It is also unlikely that the fall in brain water content was due to evaporation; the control group showed no significant change. Indeed, in three patients there was an increase in brain water. Our study supports the concept that mannitol increases brain specific gravity and probably does so by reducing brain water. Whether the resultant reduction in ICP is beneficial is still unsolved.
